Author Contributions
Analyzed and interpreted data: MA, SZ, WMG, JG, IvK, BE.
Prepared the manuscript: MA, SZ.
Edited the manuscript: JG, WMG, PB.
Obtained funding: MA, WMG. The funder had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. The statements and conclusions in this publication are those of the authors and not necessarily those of the funding agency. The mention of commercial products, their source, or their use in connection with the material reported herein is not to be construed as an actual or implied endorsement of such products.
Acknowledgements

Financial and non-financial disclosures
Authors had no financial or personal relationships with other people or organizations that could inappropriately influence their work.
Detailed Methods
Study Overview
This was an observational, cross-sectional analysis of findings in a larger cohort of subjects with a range of occupational SHS exposure. 1, 2 We used data from this cohort to examine the associations among airflow obstruction indices (FEV 1 /FVC, FEV 1 , FEF , and FEF 75 ), air trapping (RV/TLC and radiographic gas trapping), dynamic hyperinflation (defined as a 
Study Population
Between July 2007 and July 2015, we recruited US airline flight crewmembers (flight attendants and pilots) as part of an investigation of the potential adverse health effects of the cabin environment on those employed before and after a ban on smoking in commercial aircraft was introduced in the US. Flight crewmembers were eligible to participate in the study if they had worked for at least five years in commercial aircraft. A referent group was recruited that included "sea-level" subjects who lived in San Francisco Bay area and who had never been employed as flight crewmembers. All subjects were nonsmokers defined by no smoking for at least 20 years and a cumulative history of <20 pack-years smoking. Overall, 440 subjects were enrolled in the larger cohort study, of whom 49 did not undergo plethysmography and were not 19, 20 .
Cardiopulmonary Exercise Testing
Subjects performed physician-supervised, symptom-limited, progressively increasing exercise tests in the supine position on an electromagnetically braked, supine cycle ergometer (Medical Positioning Inc. Kansas City, MO). Subjects were encouraged to give their best effort, and during testing, were encouraged to continue exercise until a VO 2 plateau effect on a breathto-breath analysis of oxygen consumption was visually observed; however, they were advised that they could stop voluntarily at any time they believed they could not continue. We continuously monitored heart rate (HR), blood pressure (BP), electrocardiogram (ECG), and breath-by-breath gas exchange.
The protocol consisted of 3-min rest, 1-min unloaded (freewheeling) cycling at 60 rpm, followed by increasing work rate of 20 to 40 Watts at 2-minute intervals to a maximum tolerated, and 5-min of recovery. Twelve lead ECGs were monitored continuously; ECGs and blood pressure (measured manually by a physician with a cuff) were recorded every 2 min.
Oxyhemoglobin saturation (O 2 sat), determined by pulse oximetry, was recorded continuously. was determined by the V-slope method 21, 22 . Immediately before all tests, the gas analyzers were calibrated using reference gases of known concentrations and the ventilometer was calibrated using a 3-liter syringe (Hans Rudolph, Kansas, MO). The metabolic system was verified using four trained technicians who provided monthly exercise values as biological standards for the Laboratory.
Minute ventilation (V E
)
Expiratory Flow Limitation and End Expiratory Lung Volume Measurements during Exercise
To determine whether dynamic hyperinflation contributed to the level of maximum exercise achieved, selected participants who had previously completed exercise testing were invited to undergo %EFL and EELV measurements with progressive exercise. These underwent tidal volume (V T ), inspiratory capacity (IC), and maximal expiratory flow (MEF) measurements in seated position at increasing work rates corresponding to 20%, 40%, and 80% of the VO 2Max attained during the maximum effort exercise testing as described by O'Donnell et al. 23, 24 Measurements of IC and MEF were made three times at each work rate while recording tidal to examine presence of emphysema. A voxel threshold of ≥5% was used to define presence of gas trapping or emphysema on respective measurements. Quantitative analysis of the images consisted of (1) volume measurement, and (2) DM score measurement using a previously validated semi-automated computer software (Pulmo-CMS; Medis Specials, Leiden, the Netherlands) 31 .
Respiratory Symptom Scoring
Respiratory symptoms were assessed using the modified Medical Research Council Dyspnea Scale (mMRC) and an internal questionnaire that elicited symptoms of dyspnea, cough, and subjects' perception of a decreased level of exertion compared to peers over the year preceding enrollment. A dichotomous indicator of respiratory symptoms was defined by the report of at least one respiratory symptom.
Data Management and Analysis
We examined correlations among airflow indices (FEV 1 /FVC and FEV 1 ) and air trapping (RV/TLC) using the Pearson correlation test. To control for age, height, and sex covariates, we examined partial and semi-partial correlations. Linear regression or logistic regression analysis was used to examine the associations among lung function indices (airflow or air trapping) or radiographic gas trapping as independent variables and respiratory symptoms or maximum observed work (VO 2Max and Watts Max ) as the dependent variable. The rates of increase in %EFL and EELV were estimated using linear regression approach, and then used as independent variables to determine their contribution to the level of maximum exercise achieved. Models were adjusted for age, sex, height, and weight internally unless noted otherwise.
Furthermore, to assess whether association between exercise capacity (VO 2Max ) and air trapping (RV/TLC) was mediated through airflow indices (FEV 1 /FVC, FEV 1 , FEF , or FEF 75 ), we performed Sobel-Goodman mediation testing in "mediator models" 32 with exercise capacity as the dependent variable, air trapping as an independent variable, and airflow indices as mediator variables, with inclusion of age, sex, height, and weight as covariates (Figure 2 ).
We performed receiver operating characteristic (ROC) analyses to examine the suitability of airflow indices (FEV 1 /FVC and FEV 1 ) and air trapping (RV/TLC) as predictors of respiratory symptoms and exercise capacity (VO 2Max ). For respiratory symptoms, a binary variable of having or not having any symptoms was used in ROC analysis. For exercise capacity, a binary variable of low and high capacity was generated based on the ability to achieve the predicted VO 2Max
(≥100% predicted value) and used in ROC analysis. To obtain comparable area under the curve (AUC) values, the predictor variables were given a negative sign if they were inversely associated with the outcome variable (for example, the value of RV/TLC was made negative for its contribution to VO 2Max ). The AUC from RV/TLC, FEV 1 /FVC, FEV 1 , and FRC (percent predicted values) were calculated with adjustment for covariates, and compared for their ability to discriminate between the binary outcomes. To construct risk groups, optimal cut-points of RV/TLC for each ROC analysis was calculated, and used to define at-risk and not at risk groups.
Data management and figure generation used R software (version 3. 
Supplemental Tables
Supplemental e- : maximum airflow at mid-lung volume; FEF 75 : maximum airflow at low-lung volume. 
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